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Word stress assignmentIn the present studywe investigated how the vocabulary size of English–Italian bilinguals affects reading aloud in
Italian (L2) modulating the reader's sensitivity to lexical aspects of the language. We divided adult bilinguals in
two groups according to their vocabulary size (Larger— LV, and smaller— SV), and compared their naming per-
formance to that of native Italian (NI) readers. In Experiment 1we investigated the lexicality andword frequency
effects in reading aloud. Similarly to NI, both groups of bilinguals showed these effects. In Experiment 2we inves-
tigated stress assignment – which is not predictable by rule – to Italian words. The SV group made more stress
errors in reading words with a non-dominant stress pattern compared to the LV group. The results suggest
that the size of the reader's L2 lexicon affects the probability of correct reading aloud.
Overall, the results indicate that proficient adult bilinguals show a similar sensibility to the statistical and distri-
butional properties of the language as compared to Italian monolinguals.
© 2013 Elsevier B.V. All rights reserved.1 There is only one rule in Italian to assign stress to polysyllabicwords. This refers to the1. Introduction
Different models have sought to investigate the mechanisms at the
basis of word recognition and these can be distinguished, in general,
into two types: Single and dual route mechanisms models. The single-
route perspective claims the existence of a single mechanism – where
all sources of information are available in parallel –which learns the sta-
tistical consistencies between graphemes and phonemes (Plaut,
McClelland, Seidenberg, & Patterson, 1996; Seidenberg & McClelland,
1989) and allows reading of both words and pseudowords. On the
other hand, the dual route model of reading aloud (Coltheart, 1978;
Coltheart, Rastle, Perry, Langdon, & Ziegler, 2001) argues that two distinct
processes are needed: A sublexical process that enables a linear mapping
between orthographic and phonological patterns (used in reading
pseudowords andnon-familiarwords) and a lexical process that retrieves
word-specific information from the lexicon,where the lexical representa-
tions of the known words are stored. Similarly to what found in more
opaque orthographies, frequency effects (high-frequency words read
faster than low-frequencywords) and lexicality effects (words read faster
than pseudowords) have been reported in reading Italian aloud (Burani,
Arduino, & Barca, 2007; Pagliuca, Arduino, Barca, & Burani, 2008), and
these effects have been interpreted, within the DRC model, as evidence, Department of Psychology, Via
.
tivo).
ghts reserved.of lexical reading even a in a language with transparent orthography as
Italian (Tabossi & Laghi, 1992).
Italian is a transparent orthography, as the great majority of words
can be read correctly without the need of lexical access, but by relying
on the grapheme–phoneme correspondence mapping which, in the
case of Italian, is quite consistent (Coltheart et al., 2001). Crucially,
some Italian words are not completely transparent, needing lexical
look-up for correct pronunciation. In particular stress assignment to
words of three or more syllables cannot be predicted on the basis of
phonological rules.1 Most Italianwords (80%) are stressed on the penul-
timate syllable, and this can be considered the dominant stress pattern.
A smaller percentage of three- and four- syllable words (around 18%)
are stressed on the antepenultimate syllable, and this is the non-
dominant stress pattern.2 Even if not predictable by rule, stress location
has a statistically known distribution and it is one of themost intriguing
aspects of the Italian language, making it for this only aspect similar to
the languages with an opaque orthography. An interaction between
stress type and word frequency has been described in the literature on
reading: Words with dominant stress may be read aloud faster andweight of the penultimate syllable: If it is heavy – that is, if it ends with a consonant (e.g.,
bisonte, ‘bison’) – then it has to bear stress (Krämer, 2009). However, there are exceptions
to the rule (e.g., mandorla (‘almond’) or Lepanto (‘Lepanto’), which are stressed on the an-
tepenultimate syllable.
2 A small percentage of words (less than 2%) have final stress (e.g., città, ‘city’). Only in
this case stress is orthographically marked.
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these are of low-frequency (Colombo, 1992; Rastle & Coltheart, 2000).
However, several authors (e.g., Arciuli & Cupples, 2006; Burani &
Arduino, 2004; Colombo, 1992) have suggested that stress assignment
especially for low-frequency words is also affected by the number of
words that share the same stress pattern and final orthographic/
phonological sequence (stress neighborhood; see Burani & Arduino,
2004): Low-frequency words are easier to read when they have many
stress friends thanwhen they havemany stress enemies. Therefore, Ital-
ian readers are influenced by the distributional properties of stress and
correct stress assignment in reading relies on knowledge of several
words in the reader's language.
The description of lexical effects in Italian highlights the importance
of the reader's lexical knowledge or vocabulary size in reading aloud. In
particular, a larger vocabulary sizemay lead to greater sensitivity to the
lexical status of the target, to its frequency and to its stress pattern. If the
vocabulary size of the reader modulates reading aloud in Italian, what
happens when Italian is learned as a second language (L2)? It might
be expected that the size of the vocabulary in L2 would affect naming
times and accuracy, favoring bilinguals with a larger vocabulary size in
reading words, and making correct stress assignment more likely.
The breadth of the readers' vocabulary has been shown to be predic-
tive of the reading skills of bilingual children (Jean & Geva, 2009). The
word frequency effect has been reported in bilinguals tested in their L2
using the lexical decision experimental procedure (Duyck, Vanderlest,
Desmet, & Hartrsuiker, 2008; Gollan et al., 2011; Van Assche, Duyck, &
Hartsuiker, 2012) or the progressive demasking task (Lemhöfer et al.,
2008). Furthermore, lexicality effects in L2 have been reported in bilin-
guals using a forced choice letter identification task where participants
recognized words faster than pseudowords, and pseudowords faster
than illegal nonwords (Grossi, Murphy, & Boggan, 2009). The presence
of such lexical effects in late bilinguals (L2 learned during or after puber-
ty) indicates that, after prolonged exposure to a second language, bilin-
guals can be as efficient as native speakers in orthographic processing.
Altogether these results highlight the importance of the lexicon
breadth and lead to the hypothesis that differences in vocabulary size
may give rise to different sensitivities to the lexical properties of a lan-
guage. However, to the best of our knowledge, the lexical effects previ-
ously described in adult bilinguals have not been systematically
explored in reading aloud, a task which, instead, could give valuable in-
formation about lexical processing in relation to different vocabulary
breadths of bilinguals who have learned an L2 in adulthood.
We investigated the role of vocabulary size in reading Italian aloud
in two groups of bilinguals, expecting that the breadth of their lexicon
should modulate lexical effects. To this aim in the present study a
group of bilinguals (L1 = English, L2 = Italian), proficient in Italian,
was selected and tested with a reading aloud task in Italian. We divided
bilinguals in two groups according to their vocabulary size, as assessed
by means of a lexical decision task and a semantic fluency task. A
matched control group of Native Italian monolinguals (NI) was also
tested in the same tasks.
In the first experiment we aimed at investigating the presence of
lexicality and frequency effects in reading aloud words and pseu-
dowords.We expected the presence of such effects in both groups of bi-
linguals, given that they were all proficient in Italian. In addition, we
expected a smaller lexicality effect in the bilingual readers with a small-
er vocabulary size, especiallywhen low-frequencywords are contrasted
to pseudowords: If low-frequency words have a low probability to be
known by readers with a smaller vocabulary, these words are also
expected to be processed more similarly to pseudowords, so longer re-
action times and a larger proportion of errors for low-frequency words
in individualswith a smaller vocabulary than in individualswith a larger
vocabulary are probable.
In the second experimentwe investigated stress assignment to Italian
words, using three- and four-syllable words differing for frequency and
stress pattern (dominant vs. non-dominant). For these words stressposition is not predictable by rule and lexical knowledge is required to
correctly attribute stress to the word. We expected slower RTs than in
Experiment 1 since longer words were used; we also expected the pres-
ence of stress errors in bilinguals especially in reading low-frequency
non-dominant stressed words. Finally, we predicted that the number of
stress errors would interact with vocabulary size in bilinguals. Bilinguals
with a smaller vocabulary size are expected to know less words com-
pared to the larger vocabulary group. Consequently, in the former
group of readers some reliance on the statistical distribution of stress in
the language is expected, that would lead to more regularization errors
in reading non-dominant stressedwords. Conversely, a larger vocabulary
size may allow correct stress assignment even to low-frequency words.
2. Method
2.1. General procedure
Participants were tested in Italian in a single session lasting about
1h, in a quiet room. A paper and pencil language background question-
naire (LBQ-NE - adapted from the “Language History Questionnaire” by
Li, Sepanski, & Zhao, 2006) was administered first, followed by two Vo-
cabulary tests (Semantic fluency and visual Lexical decision). Then, in
the same session, two experimental naming tasks (Experiment 1: Lexi-
cality and frequency effects in reading aloud Italian; Experiment 2:
Stress assignment in reading Italian words aloud) were administered.
2.2. Native English participants selection criteria
Forty-six native English (NE) speakers participated in this study. Par-
ticipants were recruited using certain criteria to assure that they had
learned Italian in adulthood but also had a good level of proficiency in
Italian. To this end we selected only participants who had arrived in
Italy not before being 18years old and who had lived in Italy for a min-
imum of five years at the time of testing. Further confirmation of
participant's competence on the Italian language was obtained using a
self-report questionnaire on the language background (LBQ-NE;
adapted from the “Language History Questionnaire” by Li et al., 2006).
On a Likert scale from one to seven (where one corresponded to
“poor” and seven corresponded to “good”) all of the participants rated
their own competence levels in speaking, listening, writing and reading
in Italian.
2.3. Screening tests
In order to evaluate the Italian vocabulary size of NE participants, we
administered two screening tests: A semantic fluency task as an estima-
tion of productive vocabulary; a lexical decision task, as an estimation of
receptive vocabulary.
2.3.1. Semantic fluency
The Semantic fluency task is used to assess the efficiency of word re-
trieval based on a cue consisting of a semantic category and it is consid-
ered to reflect the vocabulary size in bilinguals (Bialystok, Craik, & Luk,
2008; Gollan, Montoya, & Werner, 2002). Participants were asked to
verbally produce (within 60s) all the Italianwords theywere able to re-
trieve for a given semantic field. The participant's performance was
recorded and the scoringwasmade offline. The categorieswere selected
considering normative data on Italian adults (Boccardi & Cappa, 1997)
such as not to include categories whose members were likely to have
“cognates” in the English language (see Costa, Santesteban, & Cano,
2005), or categories in which gender differences had been observed
(Capitani, Laiacona, & Barbarotto, 1999). A practice category (animals)
was given to ensure that the task waswell understood. The experimen-
tal categories were: i) body parts; ii) supermarket items; iii) means of
transport; iv) clothes; and v) jobs. A score for each category, namely
Table 1
Bilingual groups socio-demographic information and self-ratings. Means, standard devia-
tions, range and difference significance levels.
Larger vocabulary
(LV)
Group N=27
Smaller vocabulary
(SV)
Group N=19
Mean S.d. Range Mean S.d. Range p value
Age 46.52 12.62 27–70 45.84 11.98 30–67 .856
Education (in years) 17.48 1.95 14–22 17.05 1.51 14–21 .426
Years in Italy 16.78 11.46 6–45 15.21 10.41 5–42 .638
Age at arrival 29.33 8.74 20–55 27.26 7.49 20–43 .407
Reading (1–7) 5.70 1.44 2–7 5.84 1.30 3–7 .771
Writing (1–7) 4.52 1.40 2–7 4.37 1.61 2–7 .742
Speaking (1–7) 5.85 1.06 3–7 5.68 1.29 3–7 .725
Listening (1–7) 6.22 1.05 4–7 5.89 1.41 2–7 .489
Gender (males) 4 6
556 S. Primativo et al. / Acta Psychologica 144 (2013) 554–562the number of different words produced, was obtained for each
participant.
2.3.2. Lexical decision
The lexical decision taskwas administered to obtain ameasure of the
receptive vocabulary size (Meara, 1996; Meara & Buxton, 1987) of the
participants. This task has been frequently used for differentiating
among highly proficient bilinguals (Diependaele, Lemhöfer, &
Brysbaert, 2013; Lemhöfer & Broersma, 2012; Lemhöfer & Dijkstra,
2004; Meara, 1996; Meara & Buxton, 1987; Meara & Jones, 1988). In
fact, it has been shown that the lexical decision task is a useful and
valid measure of the bilingual vocabulary knowledge and it has a higher
correlation with the lexicon size as measured by a translation task than
the self-rating values (Lemhöfer & Broersma, 2012).
2.3.2.1. Stimuli. Stimuli were 75 Italian words: Twenty high-frequency
words (mean frequency value: 74.13 for million, s.d. = 27.72;
range = 41–155), 35 words of medium frequency (mean frequency
value: 8.89 for million, s.d. = 4.91; range = 3–22), and 20 low-
frequencywords (.43 for million, s.d.=0.22; range=0.32–1). Frequen-
cy valueswere taken from the CoLFIS frequency count for contemporary
written Italian by Bertinetto et al. (2005). Seventy-five pseudowords
(constructed by changing one letter in the original words)were created.
Pseudowordswerematchedwithwords formean bigram frequency (all
psN .1). Stimuli were divided in three blocks as to allow for two breaks to
the participant. Each block contained the same number of words and
pseudowords of the different frequency sets. Presentation order was
randomised both within and between blocks. Before the first experi-
mental block the participants completed a practice block which
consisted of 10 items: 5 words and 5 pseudowords, other than the ex-
perimental items. The practice items had the same characteristics as
the experimental items. They were presented in random order.
2.3.2.2. Procedure. Each stimulus was presented in the centre of a PC
screen, preceded by a fixation cross which was displayed for 400 ms,
and disappeared at the onset of the participant's response or after a
maximum of 2500ms. An inter-trial interval of 1500ms preceded the
presentation of the next fixation cross. Stimuli were presented in ran-
dom order, different for each participant, in three blocks composed of
half words and half pseudowords of different frequency. Participants
were asked to press as quickly and accurately as possible the “yes” but-
ton if they thought the stimuluswas a realword, and the “no” button for
a pseudoword. Performance in terms of naming reaction times (RTs)
wasmeasured inmilliseconds (ms) using the E-Prime software. Accura-
cy was also measured by the experimenter.
2.4. Selection of the two experimental groups of bilingual readers on the
basis of the results at the screening tests
To the aim of differentiating the NE group in two groups of partici-
pants with different vocabulary size we ran a K-means cluster analysis
on participants' performance data, setting k= 2. We selected 11 vari-
ables: Six taken from the lexical decision task (RTs and accuracy for
high, medium and low-frequency words, respectively) and five taken
from the semanticfluency task (the number of items correctly produced
for each semantic category). Given that the selected variables had differ-
ent distributions, all the measures were transformed in z-points calcu-
lated from the 46-group means and standard deviations for each
variable. RTs' z scores underwent change in sign, so that all the positive
z values were associated with better performance and the negative z
values were associated with worse performance. The first group that
resulted from the cluster analyses, characterized by the best perfor-
mances on the vocabulary tests, was composed of 27 participants
(from now on: Larger vocabulary group, LV); the second group, charac-
terized by lower performance on the vocabulary tests was composed of
19 participants (from now on: Smaller vocabulary group, SV).Once the bilingualswere dived in twogroups using theK-means clus-
ter analysis reported above and to get amore complete description of the
differences between the groups created by the cluster analyses, we fur-
ther analyzed the lexical decision and the semantic fluency tasks. These
analyses and results are described in Appendix A (Section A.1).
2.5. Socio-demographic variables and language background questionnaire
The descriptive statistics on bilinguals' socio-demographic informa-
tion and self-ratings (LBQ-NE) are reported in Table 1. As shown in the
table the two groups were not significantly different for age, education,
years spent in Italy, age at arrival, nor for the self-rated variables
(reading, writing, speaking and listening), as confirmed by U Mann–
Whitney comparisons for independent samples (all psN .1).
2.6. Native Italian participants
Twenty-three native Italian speakers (NI) participated in the study.
Italian participants (6 males) were selected as to be matched for age
(mean = 44.2, range 27–49) and education (mean = 17.3, range
13–21) to the two bilingual groups. Native Italian participants also
performed the screening tests. A similar – although shorter – question-
naire to the one used to assess the language background in bilinguals
was administered to NI participants. In the questionnaire it was asked
which were their mother tongue and their parents' background lan-
guage. All the monolinguals indicated Italian as their mother tongue
and all had Italian parents. However all indicated a scholastic knowl-
edge of English.
3. Experiment 1: Lexicality and frequency effects in reading
aloud Italian
In Experiment 1 our aim was to investigate the advantage of words
over pseudowords in naming times and accuracy (lexicality effect)
and the advantage of high- over low-frequency words (frequency ef-
fect) in the two groups of English–Italian adult bilinguals and in the
group of adult NI. Although we expected the presence of such effects
in both groups of bilinguals, because of their high-proficiency in Italian,
we also expected a smaller lexicality effect in the bilingual groupwith a
smaller vocabulary size hypothesizing that in this group, but not in the
other two, low-frequency words are likely to be processed more simi-
larly to pseudowords.
3.1. Method
3.1.1. Stimuli
The experimental items were selected from the list originally devel-
oped by Pagliuca et al. (2008) for Italian adults' reading aloud. All the
words were disyllabic, four to six letters long, and stressed on the
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Fig. 1. a. Experiment 1: Bilinguals' and native Italians' naming times in reading words and
pseudowords of different frequency. b. Experiment 1: Bilinguals' percentage of errors in
reading aloud words and pseudowords of different frequency.
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words that could be considered to have English cognates (e.g., FESTA/
FEAST) or false cognates (e.g., FAME, having two different pronuncia-
tions and meanings in Italian and English, respectively). Two properties
were orthogonallymanipulated: i) Lexicality of the stimulus: Half of the
stimuli were words (all nouns) whereas the other one-half of the stim-
uli were pseudowords, matched to words for several psycholinguistic
variables; ii) Word frequency: One half of the word stimuli had a
high-frequency (HF) of occurrence in written Italian, the other half
had a low-frequency (LF) of occurrence.
Stimuli were selected from the LEXVAR database (http://www.istc.
cnr.it/grouppage/lexvar; Barca, Burani, & Arduino, 2002). Half of the
pseudoword stimuli were derived from the HF words and half from
the LF words by changing one (or two) letter(s). The final list included
four sets of 15 items each, for a total of 60 stimuli. Stimuli werematched
for two initial phonemes (Kessler, Treiman, & Mullennix, 2002), length
in letters, mean bigram frequency, N-size (number of orthographic
neighbors), and number of geminate consonants and diphthongs
(Burani & Cafiero, 1991). Mean values for the psycholinguistics charac-
teristics of the stimuli are reported in Table 2 and the list of the items is
reported in Appendix B.
3.1.2. Procedure
Participants were asked to read aloud the stimuli as rapidly and ac-
curately as possible. Each stimulus was presented in the centre of a PC
screen, preceded by a 400-ms fixation cross, and remained on the com-
puter screen until the participant initiated pronunciation, and for a
maximum of 1500ms. An inter-trial interval of 1500ms preceded the
presentation of the next fixation cross. Stimuli were presented in ran-
dom order, different for each participant, in two blocks composed of
half words and half pseudowords of different frequency. Presentation
order was randomised both within and between blocks. A pause sepa-
rated the two blocks. Reaction times (RTs)were collected using amicro-
phone connected to the computer and were measured in milliseconds
(ms) using the E-Prime software. The experiment was recorded and
the scoring of mispronunciations was done offline.
3.2. Results
Invalid trials due to technical failures or responses that exceeded the
time limit accounted for 2.6% and were discarded from the analyses.
Main results are presented in Fig. 1a (raw RTs) and b (percentages of
errors).
We adopted the mixed-effects model, a robust analysis that allows
simultaneously controlling for the variability of items and subjects
(Baayen, Davidson, & Bates, 2008). This analysis prevents the potential
lack of power of the by-subject and by-item analyses and limits the
loss of information due to the prior averaging of the by-item and by-
subject analyses (Baayen et al., 2008; see also Brysbaert, 2007). For
the analyses we used log transformed RTs and accuracy as dependent
variables, participants and items as random effects, group (LV group,
SV group and NI group), lexicality (words vs. pseudowords) and fre-
quency (high vs. low) as fixed factors. Significant differences were ex-
plored using the Bonferroni's correction for multiple comparisons.Table 2
Mean values for the psycholinguistic variables of the stimuli used in Experiment 1.
Words Pseudowords
Property variables High
frequency
Low
frequency
High
frequency
Low
frequency
Length 4.80 4.73 4.73 4.73
Frequency 231 13 – –
Bigram frequency 11.00 10.90 10.96 10.82
N-size 2.47 2.87 2.40 2.60
Note. Length is in letters. Word frequency and N-size are absolute values out of 1 million
occurrences. Mean bigram frequency is transformed on the basis of the natural logarithm.An inspection of Fig. 1 illustrates, for theRTs, the presence of both the
lexicality effect [F(1, 56.41)=6.79, p=.012]withwords read faster than
pseudowords and the frequency effect [F(1, 56.39) = 4.61, p = .036]
with high-frequency stimuli read faster than low-frequency stimuli.
The main effect of group and all interactions involving this factor were
not significant.
To further analyse the frequency effect, we repeated the analysis ex-
clusively onwords (i.e., excludingpseudowords). The analysis showed a
significant frequency effect [F(1, 28.46) = 7.6, p = .01] with high-
frequency words being read faster than low-frequency words. The
main effect of group and the group by frequency interaction were not
statistically significant.
The linear mixed-effects model was also run for accuracy in binary
form (1 = error; 0 = correct reading). Analysis of errors revealed a
significant effect of lexicality [F(1, 57.23) = 15.79, p b .001] with
words read more accurately than pseudowords (percentage of errors
in reading words: NI group=0.5%; LV group=0.9%; SV group=0.9%;
pseudowords: NI group= 2.4; LV group= 2%; SV group= 4.4%). The
group by lexicality interaction was significant [F(2, 4006) = 3.04,
pb .05]: All groups readwords better than pseudowords, but the differ-
ence was marginally significant for the LV group (NI group: p=.023;
LV group: p=.093; SV group: p=.001). The other main effects or in-
teractions were not statistically significant.
3.3. Discussion
The results of Experiment 1 highlighted the presence of a lexicality
effect and a frequency effect in both groups of bilinguals when reading
Italian as a second language. We expected a smaller lexicality effect in
the SV group, hypothesizing that in this group low-frequency words
might be processed more similarly to pseudowords. To the contrary,
Table 3
Mean values for the psycholinguistic variables of the stimuli used in Experiment 2.
Dominant stress Non-dominant stress
Property variables High
frequency
Low
frequency
High
frequency
Low
frequency
Length 6.80 7.20 6.67 7.00
Frequency 133.47 11 98.73 8.20
Bigram frequency 10.86 10.79 10.86 10.73
N-size 0.47 0.73 0.53 0.20
Age of acquisition 2.88 4.20 2.75 4.11
Familiarity 6.62 5.87 6.59 5.89
Imageability 5.50 5.87 6.59 5.89
Note. Length is in letters. Word frequency and N-Size are absolute values out of 1 million
occurrences. Mean bigram frequency is transformed on the basis of the natural logarithm.
Age of acquisition, familiarity, and imageability ratings are on a 7-point scale.
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compared to pseudowords in both the LV and the SV group, with an
even larger difference in accuracy for the SV group than the LV group.
This finding could be the consequence of the high proficiency of both
groups of bilinguals with many high- and low-frequency words being
known and read correctly. The group by lexicality interaction found in
the analysis of errors indicates that the difference between the two
groups of bilinguals is not due, as it had been expected, to a similar pro-
cessing of low-frequency words and pseudowords by the SV group but
is rather the consequence of a larger number of errors in reading
pseudowords made by the SV group.
4. Experiment 2: Stress assignment in reading Italian words aloud
In Experiment 2 we explored stress assignment in the reading aloud
of the two groups of bilinguals and the group of Italian monolinguals.
To this aim we examined the interaction between stress dominance
(dominant vs. non-dominant) and word frequency (high vs. low). Sim-
ilar to Experiment 1 word frequency was expected to influence reading
of both bilinguals andNI readers. However, if stress assignment requires
lexical knowledge, it should be affected by the vocabulary size of the
reader. Accordingly, we hypothesized that bilingual readers, and specif-
ically those with a smaller vocabulary, should show a specific difficulty
with low-frequency words, especially those with non-dominant stress.
When reading low-frequencywords, reliance on the statistical distribu-
tion of stress type should favor dominant stressed words. At the same
time, an over-generalization of the most frequent Italian stress pattern
would result in incorrectly attributing the dominant stress to the low-
frequency words with non-dominant stress.
4.1. Method
4.1.1. Stimuli
The experimental stimuli were adapted from Paizi, Zoccolotti, and
Burani (2011). A list of high-frequency (HF) and one of low-frequency
(LF) words were used. Half of the words in each frequency set (HF–
LF) had the dominant stress on the penultimate syllable, and half on
the antepenultimate syllable (non-dominant stress). There were 15
items in each condition for a total of 60 items. Words in each set (HF
dominant; HF non-dominant; LF dominant; LF non-dominant) were
matched so as not to differ significantly for age of acquisition (AoA)
(see Juhasz, 2005), familiarity, imageability, orthographic neighborhood
size, length (in letters and syllables), bigram frequency, orthographic
complexity, and initial phoneme. No cognates were present in the list.
In each set, words were matched so as to have the same number of
stress friends (i.e., words with which they share ending and stress pat-
tern) and enemies (i.e., words with the same ending but different stress
pattern) (Burani & Arduino, 2004; Colombo, 1992). Consequently, we
did not expect a main effect of stress type, because the matching of
stress neighborhood across words with different stress type should
abolish the stress effect (see Burani & Arduino, 2004; Paizi et al., 2011;
see also Wilson, Ellis, & Burani, 2012). Mean values for the psycholin-
guistics characteristics of the stimuli are reported in Table 3 and the
list of the items is reported in Appendix B.
4.1.2. Procedure
Participants were asked to read aloud the stimuli as rapidly and ac-
curately as possible. The procedure was the same as in Experiment 1.
Stimuli were presented in random order, different for each participant,
in two blocks separated by a pause. Each block was composed of thirty
stimuli, of different frequency and stress pattern. Presentation order
was randomised both within and between blocks. As in Experiment 1
reaction times (RTs) were collected using a microphone connected to
the computer and were measured in milliseconds (ms) using the
E-Prime software. The experiment was recorded and the scoring of
mispronunciations was done offline.4.2. Results
Missing data accounted for 2.4% of the data points and were
discarded from the analyses. Main results are presented in Fig. 2a (raw
RTs), b (percentages of pronunciation errors) and c (percentages of
stress errors).
Linear mixed-effects models were carried out on log RTs, pronunci-
ation and stress errors as dependent variables, subject and items as ran-
dom factors, group (LV group, SV group and NI group), stress type
(dominant vs. non-dominant) and frequency (high frequency vs. low-
frequency) as fixed factors.
The analyses on log RTs revealed main effects of frequency [F(1,
54.21) = 32.34, p b .0001] and group [F(2, 65.98) = 8.87, p b .0001].
The group by frequency interaction was significant [F(2, 3661.2) =
8.69, p b .0001]. The Bonferroni's correction for multiple comparisons
indicated that in reading high-frequencywords theNI groupwas signif-
icantly faster (510ms) than the SV group (583ms) (p=.003) while the
difference between the LV group (544ms) and NI group and the differ-
ence between the two bilingual groups were not significant (both
ps N .1). In reading low-frequency words each group was significantly
different from each other with the SV slower (mean = 653 ms) than
both the NI group (p b .0001; mean=538ms) and the LV group (p=
.017; mean= 591ms). Also the difference between the LV group and
the NI group was significant (p = .05). There was no effect of stress
dominance [pN .1] and there were no other significant interactions.
In the error scoring we separated pronunciation errors from stress
errors. We considered an error as a pronunciation error when it was
characterized by phoneme substitutions, omissions, insertions or trans-
positions, hesitations, stuttering or false start. When the stress was not
correctly positioned the response was classified as a stress error. If
both a pronunciation and a stress error were present the error was con-
sidered as a pronunciation error. The analyses on errorswere conducted
on the two groups of bilinguals excluding the NI group since the ex-
tremely low error rate with consequent absence of variance in the NI
group (pronunciation errors = 0.37%; stress errors = 0.31%) did not
allow for statistical analysis.
The analyses on pronunciation errors in binary form (1=error; 0=
correct reading) revealed a main effect of frequency [F(1, 2752)=2.73,
pb .0001] revealing a larger error rate in reading low-frequency words
(mean = 5.3%) compared to high-frequency words (mean = 1.8%).
The othermain effects and interactionswere not statistically significant.
The analyses on stress errors accuracy in binary form (1=error; 0=
correct reading) revealedmain effects of frequency [F(1, 2752)=74.97,
pb .0001], group [F(1, 2752)=10.85, p=.001] and stress [F(1, 2752)=
9.42, p = .002]. The group by stress interaction was significant [F(2,
2752) = 7.7, p = .006]. Also the stress by frequency [F(1, 2752) =
32.814, p b .0001] and the group by frequency [F(2, 2752)=4.82, p=
.028] interactionswere statistically significant. Finally, the group by fre-
quency by stress interaction [F(2, 2752)= 4.85, p= .028] was signifi-
cant. The Bonferroni's correction for multiple comparisons revealed
500
550
600
650
700
750
800
NI group LV group SV group
R
Ts
 (m
s)
Dominant high-frequency Dominant low-frequency
Non dominant high-frequency Non dominant low-frequency
0
2
4
6
8
10
12
14
16
LV group SV groupP
er
ce
nt
ag
e 
of
 p
ro
nu
nc
ia
tio
n
e
rr
o
rs
Dominant high-frequency Dominant low-frequency
Non dominant high-frequency Non dominant low-frequency
0
5
10
15
20
25
30
35
Dominant high-
frequency
Dominant low-
frequency
Non dominant high-
frequency
Non dominant low-
frequency
Pe
rc
en
ta
ge
 o
f s
tre
ss
 e
rro
rs
LV group SV group
a
b
c
Fig. 2. a. Experiment 2: Bilinguals' and native Italians' naming times in readingwords with
different frequency (HF–LF) and different stress pattern (dominant–non-dominant).
b. Experiment 2: Bilinguals' pronunciation errors in reading aloud words with different
frequency (HF–LF) and different stress pattern (dominant–non-dominant). c. Experiment
2: Bilinguals' stress errors in reading aloud words with different frequency (HF–LF) and
different stress pattern (dominant–non-dominant).
559S. Primativo et al. / Acta Psychologica 144 (2013) 554–562that the SV groupmademore stress errors than the LV group in reading
non-dominant stressed words both when they are of high-frequency
(LV = 0%; SV = 1.4%; p = .017) and of low-frequency (LV = 8.4%;
SV=17.2%, pb .0001).
4.3. Discussion
In this second experiment we investigated the sensitivity to the lex-
ical and distributional properties of L2 in the two groups of bilinguals
differing for vocabulary size. The different lexicon size of the two groups
of bilinguals resulted in different processing times (RTs) particularly
when the words were of low frequency: The SV group was slower
than the LV group in reading low-frequency words. Moreover, whilethe SV group was slower than the monolingual group in reading both
high- and low-frequency words, the LV group was similar to monolin-
guals for high-frequency words and slower exclusively in reading low-
frequency words.
The different lexical knowledge of the two groups of bilinguals man-
ifests itself in different degrees of ability to correctly attribute stress
when dealing with non-dominant stressed words, especially when
they have a low-frequency: The SV group made more stress errors
than the LV group when reading non-dominant stressed words – thus
attributing the dominant stress to these words – and the difference be-
tween the two groups is larger for low-frequency words.
5. General discussion
In the present studywe examined how differences in bilinguals' lex-
ical knowledge may affect the process of reading aloud Italian as a sec-
ond language (L2). We assessed the sensitivity of bilingual readers to
the lexical and distributional properties of the Italian language when it
is learned as a L2 in adulthood. We divided a large sample of bilinguals
in two groups according to their vocabulary size as measured by means
of a semantic fluency task and a lexical decision task.
Experiment 1 highlighted that both groups of bilinguals show, simi-
larly to monolinguals, the lexicality effect, reading words faster than
pseudowords. A frequency effect emerged for both groups of bilinguals
similarly to monolinguals, with high-frequency words read faster than
low-frequency words. In addition, all readers made more errors on
pseudowords as compared to words. Analyses of results indicate that
the SV group shows a larger lexicality effect on reading accuracy as com-
pared to the LV group. However such an effect is not due to a better per-
formance in reading words but the effect is the outcome of a worst
performance of the SV group on reading pseudowords compared to
words. The percentage of errors in reading words is low and similar
for the two bilingual groups (both groups make 0.9% of errors) but,
while the LV group makes a similar small proportion of errors also in
reading pseudowords (2%), the SV group makes more errors when
reading pseudowords (4.4%). In the group by lexicality interaction, the
marginal significant difference for words as compared to pseudowords
in the LV group is due to a similar and low percentage of errors with
both types of stimuli.
Overall, these results indicate that native monolinguals and profi-
cient bilinguals are similarly affected by the distributional properties
of the language. This is probably due to the prolonged exposure to
the Italian language (more than five years, see Selection criteria,
Section 2.2) and the high proficiency in L2 of the bilingual sample
who participated in the present study. Furthermore the stimuli charac-
teristics, like their shortness (4 and 5-letter words and pseudowords)
and simplicity, may have abolished any differences between the two
groups of bilinguals with different lexical breadth. In fact, results of
the Experiment 2, where longer and more complex stimuli are used,
make such differences evident.
In Experiment 2 we investigated the sensitivity of the two groups of
bilinguals to the lexical and distributional properties of their L2 by ma-
nipulating the stress pattern and the frequency of polysyllabic words.
The analysis of RTs revealed that the SV group was slower than the LV
group in reading low-frequency words. We found that bilinguals with
a smaller vocabulary size made more stress errors in reading words
with non-dominant stress pattern and this was even more evident
with low-frequency words. A larger vocabulary size may imply a larger
set of known words, including low-frequency words. According to the
dual route cascademodel (Coltheart et al., 2001) the faster andmore ac-
curate reading in the LV groupmay be considered as due to a better op-
timization of the lexical route as compared to the SV group. Results can,
however, be accounted for also by a single way connectionist model of
reading aloud (e.g., Arciuli, Monaghan, & Ševa, 2010; Seidenberg &
McClelland, 1989; Ševa, Monaghan & Arciuli, 2009). Within a single
route approach results would suggest that the LV group has been
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Fig. A1. Semantic fluency screening test: Number of items produced in each semantic cat-
egory by the three groups of participants.
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their larger lexical knowledge, as compared to SV bilinguals. Such a larg-
er exposition to Italian words may have determined a more profound
extrapolation of statistical information about the stress pattern distribu-
tion. It may thus be claimed that bilinguals with a larger lexicon are
more sensitive to the distributional information of the language
(Arciuli et al., 2010) and are thus more accurate in the reading task.
This result is similar to the one reported by Paizi et al. (2011) where
the authors found that childrenwithdyslexia,whohave a limited lexical
knowledge if compared to adult readers, show a greater sensitivity to
stress dominance, making more errors of stress assignment to low-
frequency words bearing the non-dominant stress. Similarly Sulpizio,
Boureux, Burani, Deguchi, and Colombo (2012), in a pseudoword read-
ing aloud task, found that young children (but not adults and older chil-
dren) show a tendency to overgeneralize the dominant stress pattern in
assigning stress (see also Sulpizio & Colombo, 2013). In English too,
using a triangulation of techniques such as corpus analyses, behavioural
testing of differently aged children and computational modelling,
Arciuli et al. (2010) showed that children sensitivity to probabilistic or-
thographic cues to stress assignment grows over time in direct relation
to the age-appropriate reading materials to which they are exposed.
Their results suggest that stress is assigned based on sensitivity to statis-
tical probabilities that are present inwritten input and that this sensitiv-
ity follows a developmental trajectory. Finally, a similar pattern of
results has been found in Italian children by Bellocchi, Bonifacci and
Burani (submitted for publication) where early bilinguals (who learned
the Italian language before age 3–4) were compared to late bilinguals
(who learned Italian after age 4). The authors found that late bilinguals
with a smaller vocabulary size in Italian made more stress errors in
reading low-frequency non-dominant stressed words when compared
to early bilingual children.
There seems to be an incompatibility between the results of the two
experiments due to the lexicality by group interaction in Experiment 1.
Such an interaction indicates a larger lexicality effect for the SV group
than the LV group. We maintain that this is only apparently in contrast
with the results coming fromExperiment 2,where the SVmademore er-
rors in reading irregularly spelled words. In both cases we suggest that a
more limited lexicon size or a smaller exposure to the language statistical
distributions determines a larger production of errors.We speculate that
a larger lexical knowledge may favour the accurate reading of both high
and low frequency words, and the correct stress placement. Vice versa a
smaller vocabulary size may imply a smaller number of low frequency
words stored in the lexicon. This may lead to more uncertainty when
stress has to be placed on low frequency words, and the statistically
dominant stress may be preferentially used, for both dominant and
non-dominant stressed words. This would result in a larger proportion
of errors with non-dominant stressed words but also in a worst perfor-
mance in reading pseudowords than words, as shown in Experiment 1.
Overall, our results may be accounted for by a single or a dual route
model of reading aloud. The single-route connectionist model recently
proposed by Arciuli et al. (2010) (see also Ševa et al., 2009) is based
on a progressive acquisition of statistical information and may well de-
scribe the development of stress assignment in reading as a function of
the bilingual's vocabulary size. On the other hand results may be seen
from a dual route perspective, where a small vocabulary size may pro-
mote a larger reliance on sub-lexical processing especially for low-
frequency words, favouring a default stress assignment (Colombo,
1992; Colombo & Zevin, 2009). This is in line with the recent CDP++
model of reading aloud (Perry, Ziegler, & Zorzi, 2010). According to
CDP++, stress can be correctly positioned through lexical knowledge
of the word which contains also information about stress position.
When the word is not known or when it is a low-frequency word, the
statistical distribution of the two different stress patterns could assist
in reading, determining the preferential use of the dominant stress,
leading sometimes to incorrectly attribute the dominant stress pattern
to non-dominant stressed words. In the smaller vocabulary size group,a more limited lexical knowledge results in a larger reliance on the
sub-lexical node (Perry et al., 2010)where themost frequent stress pat-
tern receives a higher activation. This could explain the larger percent-
age of stress errors when reading non-dominant stressed words in the
SV group of bilinguals when compared to the LV group.
The results of the present study give an indication about how the vo-
cabulary size of adult bilinguals may influence their speed and accuracy
in reading aloud. The importance of the vocabulary size in bilinguals has
been reported in the literature. For example, there is evidence that the
behavioural and neurobiological components of lexical processing are
modulated by the vocabulary size of bilinguals (Moreno & Kutas,
2005) which has also been shown to be predictive of the reading skills
of bilingual children (Jean & Geva, 2009). However, the present study
is the first one that investigated how the vocabulary size in adult bilin-
guals affects reading aloud. In this study – for the first time – the effec-
tiveness of lexical processing and some difference in the sensitivity to
the distributional information in reading Italian not only for Italian
monolinguals, but also for bilinguals who learn Italian as a second lan-
guage in adulthood, has been shown. The important role of the lexicon
breadth in modulating the sensibility to the systematic and specific
properties of L2 has also been demonstrated.
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Appendix A
A.1. Screening tests: Results
A.1.1. Semantic fluency
Main results are presented in Fig. A1. An ANOVAwas carried out with
semantic category (1: body parts; 2: supermarket items; 3: means of
transport; 4: clothes; 5: jobs) as repeated factor and group (NI, LV, SV)
as a fixed factor. The ANOVA showed the main effects of group [F(2,
66) = 29.63, p b .0001] and semantic category [F(4, 264) = 139.5,
pb .0001]. The groupby semantic category interactionwasnot statistically
significant [F(8, 264)=1.271, p= .26]. Bonferroni post-hoc test (pb .05)
conducted on the groupmain effect indicates that the NI group produced
more words (mean=22.77) compared to the SV group (mean=15.32,
p b .001), but not compared to the LV group (mean= 21.47, p = .52).
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Fig. A3. Lexical decision screening test: Percentage of correct responses in the different
word frequency sets.
High frequency words Low frequency words HF pseudowordsa LF pseudowordsa
BARBA BELVA BARTA BEMO
FIUME FIENO FIURO FIEMI
FUOCO FUNE FARTO FUTA
FRETTA FRATE FRISTE FRALA
LATTE LITE LIERE LIPE
LUNA LUTTO LAFO LITTA
MONDO MUFFA MOPRA MUSTA
NEVE NUORA NAMO NUOSO
PANE PALA PONO PEBA
PIETRA PIUMA PIESE PIURA
PONTE PANNO PAVO PADDA
RIVA RATA RIMI RANNO
SONNO SORSO SOPPO SORRA
561S. Primativo et al. / Acta Psychologica 144 (2013) 554–562The LV group has a significantly higher semantic fluency than the SV
group (p b .0001). This result is similar to the one found by Bialystok
et al. (2008) where authors report that lower proficient bilinguals pro-
duced, in a categoryfluency task, less items thanbothhigher proficient bi-
linguals and monolinguals.
A.1.2. Lexical decision
Invalid trials due to technical failures or responses that exceeded the
time limit accounted for 1.3% and were discarded from the analyses. A
mixed-effects model (Baayen et al., 2008) was used for statistical anal-
yses. RTs were log transformed to reduce the skewness of the data.
The analyseswere conducted on both log transformed RTs and accuracy
in binary form (0= incorrect reading; 1= correct reading) as depen-
dent variables, participants and items as random effects, group (LV, SV
and NI) and frequency (high, medium and low) as fixed factors. Signif-
icant differences were explored using Bonferroni's correction for multi-
ple comparisons. Main results are presented in Figs. A2 (raw RTs) and
A3 (percentages of correct responses).
A.1.2.1. Reaction Times (RTs). The analysis on log RTs revealed main
effects of group [F(2, 71.1) = 33.83, p N .0001] and frequency [F(2,
74.75)=39.73, pb .0001] and a significant interaction groupby frequen-
cy [F(4, 4185.1)=19.8, pb .001]. The Bonferroni's correction for multi-
ple comparisons showed that with high-frequency words the SV group
was significantly slower (776 ms) than both the NI group and the LV
group (mean reaction times: 641 and 686ms respectively), but the LV
group was not significantly slower than the NI group (p = .078).
When considering words of medium frequency each group was signifi-
cantly different from each other (all psb .0001)with the NI group fastest
(682ms), the LV group intermediate (787ms) and the SV group slowest
(901 ms). When considering low-frequency words the NI group was
significantly faster (765 ms) than both the LV (1020 ms) and SV
(1203ms) groups (all ps b .001), while the difference between the two
bilingual groups was not significant (p= .094).
A.1.2.2. Accuracy. In the analyses of accuracy the main effects of group
[F(2, 67.74) = 51.82, p N .0001] and frequency [F(2,72.24) = 54.51,
p b .0001] and the group by frequency interaction [F(4, 5027.01) =
88.97, pb .0001]were statistically significant. All the groupswere highly
accurate in reading high-frequency words. However, in the high-
frequency words the LV group was more accurate than the SV group
(98.1% and 95%, respectively, p= .022) while the differences between
the LV group or the SV group and the NI group (97.6%) were not signif-
icant (ps = 1 and .09, respectively). The NI group was more accurate500
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Fig. A2. Lexical decision screening test: RTs in the different word frequency sets.than the LV and the SV groups both with medium and low-frequency
words and the two groups of bilinguals were significantly different
from each other when considering both medium and low-frequency
words, with the LV group always more accurate than the SV group (all
ps b .005) (medium frequency words: NI group = 96.5%, LV group =
89.3%, SV group= 77.3%; low-frequency words: NI group= 86.7%, LV
group=54.4%, SV group=33.2%).
Appendix B
Words used in Experiment 1TESTA TORDO TRELLO TORLA
VINO VETTA VIMA VENSO
aPseudowords derived from the high and low frequency words, respectively.Words used in Experiment 2Dominant high
frequency words
Dominant low
frequency words
Non-dominant high
frequency words
Non-dominant low
frequency words
ALUNNO BISTECCA ANGOLO BIBITA
BASTONE CANTIERE CARCERE CANAPA
CERVELLO CATINO DIAVOLO COCOMERO
CONIGLIO EREDE FAVOLA EDICOLA
FARINA FANALE FEMMINA FORFORA
FUCILE FURGONE NUVOLA FULMINE
MONETA MUNICIPIO OSPITE INCUDINE
ODORE PADELLA PAGINA LAPIDE
PALAZZO PARRUCCA PECORA PETTINE
PARETE PATTUGLIA PENTOLA POLLICE
PAROLA POMATA PERICOLO PONTEFICE
PISCINA SCAFFALE POLVERE PUGILE
STAGIONE TAMBURO SCATOLA SCAPOLO
TAPPETO URAGANO TAVOLO TENEBRA
TARTARUGA ZANZARA ZUCCHERO ZINGARO
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